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SUMV/RY 

W«  fwligvc  Mint  in  order  to  aeinov  •  lh«  materials  handling  oupabili- 
tier,  requir'd,  a  bcil'-i  tinder. da  idjno  ol  the*  fnodMineitl^J  nr.  poet  5  of  Die. 
matcrinls- system  intr  rfacc  and  ini  cruet  four.  mo»t  bo  obt  Unod.  in  jMiticuku, 
we  are  J  blares ted  in  Dio  effect  of  the  physical  properties  of  ox  cave  tod 
materJel  on  tbn  handling  system.  The  selection  of  egr'jpwont  based  on  e.v- 
porictnee,  tradition  or  intuition  is  no  Jong'  i  valid  i>ut  must  bo  based  in  p<irt 
on  an  analysis  of  the  physical  properties  of  the*  material  to  bo  h.m  led. 

Since  those  materials  are  inan-inodo,  it  should  lx  possil  U  to  ciianc  c:  ihe;n 
if  such  changes  piove  beneficial  to  their  hnndloobility. 

for  the*  purpose  of  this  investigation,  a  model  bolt  conveyor  system 
has  been  selected  for  study  and  is  being  constructed.  The  belt  conveyor 
system  Is  the  most  often  used  system  for  bull:  material  handling  problems. 

By  model  or  sealed  system,  we  mo  m  one  that  is  about  one-third  Ihe  stand¬ 
ard  full  size  machine  (2*1  inches  wide).  Our  choice  is  based  largely  on 
the  problems  associated  with  acquisition,  rtor  go  and  utilization  of  a  bull: 
sample  if  a  full  size  system  were  adopted.  .Scaling,  however,  leads  to 
many  other  problems  which  remain  to  bo  solved. 

A  discussion  is  presented  on  the  experimental  design  approach  to 
experimentation  in  which  are  Jialed  what  we  consider  some  of  the  more  im¬ 
portant.  variables.  Using  this  approach,  actions  and  interactions  between 
variables  can  be  isolated  and  determined  with  a  minimum  amount  or  experi¬ 
mentation. 

Finally,  a  sample  of  excavated  material  has  boon  obtained  from  an 
underground  construction  project  in  Milwaukee,  Wisconsin.  The  machine 
was  cutting  through  a  shallow  limestone,  and  shale  horizon,  and  approximately 
1,  000  pounds  of  material  was  divested  as  a  sample.  A  number  of  physical 
properly  tests  have  been  ion  and  aie  imported  hero. 


•mi:  i  n  cgt  or  ma-jimal  proper  it  i:s  on  matt.ki/i,  iiahdj.ing  pRocikbinf? 

by 


It.  W.  Christenson,  It  W.  Heins, 
W.  bibcock  and  It.  Tonn 


INTRODUCTION 

The  advent  of  large  diameter  tunneling  machines  merles  a  now  era  in 
tunneling  practice.  While  these  machines  are  capable  of  excavating  hard 
rock  rapidly  and  continuously,  new  designs  of  even  greater  capacity  are 
being  developed  and  tested.  Rapid  excavation  underground,  at  rates  never 
before  dreamed  of,  appears  to  be  just  around  the  corner.  For  example,  a 
revolutionary  piece  of  equipment  in  prototype  form  has  undergone  tests  by 
the  military,  and  it  has  the  theoretical  potential  of  producing  150,  000 
cubic  yards  of  material  per  hour  (1).  This  is  an  astounding  rate  of  produc¬ 
tion  of  material,  and  all  of  it  must  be  moved  from  the.  machine  efficiently 
and  without  delay.  Hence,  the  problem  of  materials  handling  associated 
with  rapid  excavation  arises. 

The  present  tunneling  machines  are  a  result  of  the  practice  and  ex¬ 
pertise  developed  in  the  early  1950‘s  by  the  coal  producers.  In  need  of  high 
productivity  per  man  hour,  these  companies  fostered  the  development  of  con¬ 
tinuous  mining  machines  which  literally  ripped  the  coal  from  the  face. 

Those  machines  ware  also  equipped  with  loading  devices  that  moved  the 
material  away  from  the  face  and  onto  a  conveyor  to  an  cxlcnsibio  belt  or  to 
a  shuttle  car  behind  the  minor.  Essentially,  these  same  machines  from  the 
coal  mines  wore  then  used  in  soft  rock,  o.  g.  ,  potash,  with  good  success. 

Having  been  shown  that  continuous  mining  equipment  was  practical, 
the  manufacturers  begun  working  on  systems  whore  rock  materials  with 
higher  compressive  strengths  could  be  mined  continuously.  The  continuous 


o:c*v«ioi  reprcsc  its:  a  breakthrough  in  Hint  hard  mcfc  fcni*pr$4isiv*  5;trcoc;th 
in  excess  of  ?l>,  000  p:,J)  run  bo  evuvntcd  by  machine,  and  S hi.*;  iomuvcij 
the  constraints  of  the  cyclic  drill-blast  method. 

The  loot  th  it  rod:  its  fragmented  iiy  lli  .xc  nuiclifr.c  it.  Intgoly  a  func¬ 
tion  of  tire  speed  of  t'n*  cutting  head  and  tlie  rule  of  the  machine’?  advance. 

A  nninbcr  of  cutter  designs  hove  been  proposed  and  tried  on  aciulil  excava¬ 
tions.  Tiv.; so  designs  have  drawn  fairly  heavily  on  flic  technological  advance.*; 
made  in  (hilling  oil  well!;.  The  particle  .sire  distribution  sod  panicle  shape 
of  nn  oxenvolori  material  arc,  in  part,  doponileni  on  tho  typo  o'  cutter  used 
as  well  nr.  the  relative  strength  of  the  material  m  place.  The  linear  cutter 
or  dish  cutter  ns  applied  in  soft  to  medium  hard  forum  I  fans  produces  laryoi 
particles  or  chips  which  lend  to  be  plate-like  in  si. no  \  In  contrast,  tho 
tungsten  carbide  inscit  cutter  which  If;  used  In  voiy  hard  formation  tends  to 
produce  fine  chips  of  more  equal  dimensions.  Thus,  Jl  can  be  seen  that 
holh  cutter  design  and  rock  strength  influence  chip  shape  end  six  a-  distribu¬ 
tion  and  could  become  controllable  variables  if  it  were  shown  that  these 
properties  had  an  important  influence  on  the  materials  handling  problem. 

While  it  is  quite  speculative  at  tills  point,  it  is  the  purpose  of  tills 
research  to  analyze  and  attempt  to  detcimine  the  influence  of  such  prof  art  i  os 
as  particle  chape,  particle  sixe  distribution,  angle  of  internal  friction  and 
moisture  content  on  the  way  those  materials  are  handled  on  a  conveyor  br-lt. 
This  could  result  in  three  approaches  toward  a  solution  of  the  problem.  1  net, 
the  materials  handling  system  might  be  designed  arouse  those  properties  nnd 
variables  which  are  shown  to  be  important  in  the  handling  process.  Secondly, 
most  of  the  variables  mentioned  arc  con*. reliable  and  might  be  changed,  if 
such  changes  make  the  handling  problem  any  easier.  As  a  third  alternative, 
a  combination  of  handling  system  design  and  materials  piopc.it/  changes 
could  be  used. 
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llttfot  «tu*:i ;  lino  Hm  C  i:l*w  of  i.  Ih*1»  Ottv.’oycn  *y*t  w,  th»  cflmd# 
ol  Um  vh.i!\  cUilulIc:;  c>f  Ms*  m  u  niat  lo  Ik/  hrmdb ij  i*v*l  Ur  rosuddcrud.  In 
tern;:  of  thy  par  formant."  ol  a  bull  eonvir/oi  system,  llm  Mtowtftj  i.uitulnl 
rharacleiislie.;.  imr.i  |v«  ion:d  L*:cd  {/  ): 

A^iok’  pf  KgegAO, -  Titf)  mitel#  wliloh  the*  ton  lace  of  «  nouml,  fftvly 
fomrcl  pile*  i  .hi  :•  to  the  horlxonh  I. 

Gut ch.i r..  -  lire  a«$h  u>  tho  horizontal  which  tho  sin  faro 

of  llu:  mater!  tt  assumes  while  tho  material  Is  <tt  test  on  a  moving  conveyc* 
halt, 

-  The  combined  wffor.t  of  angle  of  »e|»ose  rind  angle  of 
surcharge  on  the  IHiavinf  of  ihu  i  ctcriol  on  tt  ball  convr  /o'.  Tnblo  ) 

J  Hu:;  I 'liter!  tin*  flnwablllly  for  a  range  of  tnatnlul  types. 

The  material  choiootcrititlor.  drill  nod  tikw  ore,  In  reality,  inonJfca- 
liitions  of  itioiu  basic  materia)  properties  or.  wt?M  as  the  pIojk*.  speed  awl 
error.?;  section  >1  conflrjui.it ton  and  movement  of  »  •  convt  /<*  bell.  Tho 
important  physiol  pro?  arlles  which  .if feel  materia  U  handling  on  o  conveyor 
belt  »*>ro  particle  slue  d»  i  liJbulion,  sliojK;  of  pa  i  tie)  os,  abrunivcr.isK,  don- 
r.lty,  internal  friction  and  cohesive  properties  of  tho  matea la).  Tlun.,  tho 
belt  conveyor  lest  section  for  this  study  must  be  dcriattod  such  that  tl»o 
effects  of  those  material  t  hornet  or  J  sties  on  the  performance  of  a  belt  con¬ 
veyor  5/ a  tom  can  be  properly  assessed. 

There  ore  two  ptrs'blo  approaches  Hi  it  con  bo  tol.cn  In  tlosipnlny  the 
tt  ;t  section:  (1)  A  full-scale  bell  conveyor  system  could  lie  used,  or  (?)  o 
miniature  model  could  la  construct  d  with  all  factors  Involved  In  tho  con- 
veyoi  .system  scaled  appropriately. 

The  decision  lo  construct  a  sealed  o:  t  odel  conveyor  system  lor 
experimentotion  war.  finally  reiched  aftci  weighing  the  ailvaul  eja  and  dir. 
advantages  ol  the  full  she  system  no  it  ns  l  the  scaled  veislon.  While  the 
lull  sixes!  voir.ion  offered  the  odv.  :;»«ye  of  obi  diiuiy  gustily  correlated 
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in  ?  *i:  i  .1  a  mill  o  ii  ..,i  **!!>•  t.i  t  mp  |  a  o,». » ,  /.Iso,  1j»«S  tj  i1w5|fttS  with 

•11.1*1  i  :  I*!.  Ii.  l  1.  .  t.i!  I  !»•  d  f*  M»H*y  {  ?o*t  iltoct  lh»  |»olJ.  jolobMn* 

ino  .il  l  b»i  Uh*'  lit  *  I  •*: .  v,.|« .  «•  iu  t,  ,iioi,  t ,  The*  r:,  .die  jyjdft.i 

i •* *i ia*  *•  n  .  ii. j  i«!  y  A  »l  «l)  •  pi«*  i!»  *t*  i  an  ..  wf  rdfi,  Ih*I  i»ic  .i  nl  •  nvM  iw^Mik 
wltliih  l l*i?  imi1!  *4  ii  .i  il,  IV  rU  !c  *  j.'ich  i  I  fMA  id  HjVlIlK  r.l  (l**lt 
width  c*  »•  i. '  Ik  nr  l«  in  not  n  tdily  «ivuH.‘.l*l<  \  .  nil  ivrjiilrcst!  clt  .i.eucr. 

tiM  ifAtSiiiu  <!n  »•; it  Uiitiin!$>i  ly  with  mmBm  wain  1 1  rf mi. 

To  « any  out  tin  hintuhei  ..Indue.  cm  lh»?  •vmci’Pf  >plM,  *  r.;tnll 
$t  »1<  i  »c  s,  \vr:..'i!»,  Ilyl.tv.iMy'.  t  jiiaor*  of  tvjisljtmc'U  Ir.  h(trccr.:.0'iy.  Wc* 
Hav  •  fotm.l  niol  tt...ny  cf  lts»*ftc  Mi'll  uti  &  are  InbtifNiitty  ctmiCMlUrtoy.  G«*p~ 
ImcIii  .  pikI  vtf  r.alJlSiy  offer  ii.  •  «jn .  ic  ,t  cb.dJeni'o.  In  order  to  meet  the 
rcqulrci.i  ml#  «  f  die  c  }*  rhioni.d  d.uii$|i.,  tlm  various  components  tft  the  con¬ 
veyor  urn  t  b  fully  .iii  just,  title. 

fkiil'jii  mWl  dvivtojsnonl  to  cl.ii  •  have  euati.uicl  Mi  tho  idle*  MKiilily, 
Slu'ty  4»s;:i  trial  S  ihrlc.ilJen  convinc'd  »*n  dot  ***.11)$  on  mwe  lately  in 

oomfMc.tMy  *tiju*'«l  1.  within  ewlnln  Mr.il-  will  rauvo  mote  iMyt*  m*l  fobrJ- 
nation  |uo!jK‘uu.  I  ban  Ji  Ji  worth,  MrqtiJrlit$  rpcekd  parts  isado  hy  custom 
CuSUnfc,  RwotilmtiKj.  or  irtwwfrtiHi.  Ttvl*  Inal  info*.  in  itself  In  vi  actions  niiorl- 
omMiuj  with  r  rtitinl  to  tir.so  anil  co:-t.  A  •Jwp'.cr  design,  fashioned  riftci  full 
jo.ilo  Ironyl  i  n  Idle".  n  tms  to  b;  u*o*o  favorohJe.  Tills  will  conrial  o!  eel- 
of  rltiicl  hti.cAcUt  tlial  c.oi  l»*!  Mirlly  liiterchoti^cd  to  v.vty  tlm  Irou'jhlny  omlor:. 
Th''  hroc’a  In  will  be  1-oltcd  to  the*  fr.ir.o  to  Hull  tb«n{|h’0  tbo  nnylr  will  in¬ 
volve  cH»nyiti$  '.I.*;  b;.x,5:olii  cm  the  oul^ :  icIK  ir.,  linin')  thes  umre  rolln,  iMu 
hikI  )}n*rliiii.n.  Tlitr.  dt>*%n  of  fan  »  coiir.trrcllon  utlv.vilvie  in  ilul  only  cold 
bendinj  of  r.U'ol  fin*  .rirrc*';  ami  vruldlny  will  bo  u**|uli(d  f»»r  fel):l«>il'oi».  We 
fo.^l  1 1  ml  dii.,  derslcm  will  of  f  *i  •  -uouo't  flodblllly  lo>  dip  <::|h  rlmcnl  \vd!i  n 
iidnlnum  <  |vmhtuir\  rjcjuio  1  In  n  dtowlny  (to  r.colo)  of  the  Idler  do.nlyn 
which  in  bein.i  con  duclod. 

An  itiifli.r  j«v  el  I  rail  mlvniilo^,  the  lVnr.h«l  eh  r.lyu  limit  on  riyuro  J 
will  Viler,  us  lo  j*  ib'«  ir  >  v.  i  ;  •  i oiler  s!».i'*|jif!  lo  .1  minirumi.  One  of 
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f  ho  si  orlconi  ■  c.f  t !ic-  adjustable  <*’  u'mbly  if;  lino  increased  unsupported 
di  fctnnro  between  roller*  in  l he  idler  assembly.  U sin. 3  0  simple  hinged 
support  <  1  the  i)  id  insulted  in  about  1/3  of  the  bolt  being  unsupported 
when  in  the  flat  position.  Yris  would  .surety  have  been  a  problem  consider¬ 
ing  tne  [!•  xibiFly  required  in  the  boiling  for  it  to  trough. 

At  t  10  present  Lime,  we  m  1?  looting  n  plastic  roll  end  bearing  which  is 
available  at  low  cent  foi  use  in  Inc  idler  design.  The  plastic  is  teflon 
added  to  cither  detrin  or  ccJcon.  Teflon,  being  n  naturally  lubricating  sub¬ 
stance  with  cjood  wear  characteristics  should  make  this  plastic  bearing  us¬ 
able.  Tnese  bearings  arc  placed  in  tho  end  of  a  hollow  tube  cut  to  the 
dashed  length  for  ouch  roller  of  the  idler.  The  shaft  of  each  roller  is  cut  to 
length  and  the  roller  in  hold  on  tho  shaft  u  ing  shaft  clips  which  arc  avail¬ 
able.  If  tho  tests  of  tho  plastic:  roll  end  bearing  are  satisfactory,  we  should 
be  able  to  construct  a  lightweight  idler  assembly  where  tho  mounting  brockets 
can  bo  easily  interchanged  to  obtain  different  troughing  angles. 

As  an  alternative  to  tho  plastic  toller  and  hearing,  an  idler  assembly 
using  sealed  ball  bearings  is  also  being  constructed.  However,  this  system 
offers  tho  disadvantages  of.  greater  weight,  requires  machining  in  construc¬ 
tion,  and  each  hall  bearing  costs  about  three  times  the  plastic  bearing. 

In  the  design  of  tho  model  conveyor  system,  the  scaling  factors  for 
tho  machine  and  the  material  must  be  determined.  For  the  machine  itself, 
scaling  problems  arise  concerning  the  appropriate  belt  flexibility  and  idler 
spacing  to  use  in  relation  to  the  material  load  being  carried  by  the  bolt. 

Our  studios  indicate  that,  for  a  given  material,  the  controlling  factor  in  de¬ 
termining  the  behavior  of  the  material  on  the  conveyor  is  the  vertical  accel¬ 
eration  experienced  by  the  material  as  it  travels  along  the  belt.  The  problem, 
then,  is  to  design  the  model  conveyor  in  such  a  way  that  the  vertical  accel¬ 
eration  pattern  imparted  to  the  material  by  the  tost  conveyor  section  is 
similar  to  that  which  it  would  experience  on  a  full  sixed  conveyor. 

The  vert  if  al  acceleration  imparled  by  a  conveyor  to  the  material  being 
handled  is  a  function  of  boll  speed  and  the  deformed  shape  of  the  belt  under 
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load.  The  deformed  shape  of  the  belt  is,  in  turn,  u  function  of  Lho  weight 
of  jnntericil  being  carried,  idler  spacing,  belt  It '>  dbi lily  and  belt  to;  sion. 

In  order  to  model  the  lull  scale  operation  as  closely  as  possible,  it  is  anti¬ 
cipated  thiil.  belt  speeds  used  in  the  tests  will,  be  similar  to  those  used  with 
full  sifted  conveyors.  Therefore,  since  the  load  of  the  material  being  car¬ 
ried  on.  the  model  convoyc*  will  be  a  small  fraction  of  that  earned  by  a  full 
sifted  conveyor,  it  is  apparent  that  the  belt  used  oil  the  model  conveyor  will 
have  to  be  considerably  more  Jlexjble  than  full  sifted  bolls,  furthermore, 
idler  spacing  may  have  to  be  reduced  in  th<  test  section  because  of  space 
limitations;  this  will  a  l  so ‘require  Greater  bolt  flexibility  in  order  to  keep 
the  deformed  shape  of  the  bcit  similar  to  that  of  a  full  sifted  conveyor.  A 
reduction  .in  belt  tension  can  also  be  used  to  achieve  the  same  purpose.  By 
appropriate  scaling  of  the  various  factors  involved,  it  should  be  possible  to 
model  the  material  handling  characteristics  with  a  small  scale  version  of 
the  conveyor  system. 

for  the  material,  cohesion,  abrasiveness,  and  particle  cifto  present 
the  major  potential  scaling  problems;  the  angl  t  of  repose  (or  angle  of  inter¬ 
nal  friction}  does  not  depend  upon  scale.  Sine  the  materials  being  con¬ 
sidered  in  this  study  are  granular,  most  of  the  cohesive  properties  that  may 
Ire  present  would  be  due  to  capillary  effects,  a Jt hough  some  cohesion  due 
to  olcclrostatic  effects  may  be  present  in  the  very  fine-grained  fraction.  It 
appears  doubtful  that  cohesion,  whether  due  to  capillary  or  electrostatic 
effects,  will  be  present  to  any  significant;  degree  in  either  the  full  sifted  or 
the  model  conveyor  systems;  capillary  cohesion  will  probably  be  dostioyod 
by  disturbances  to  tiro  material  during  the  handling  process  and  cohesion 
due  to  electrostatic  attraction  would  be  present  in  only  the  very  fine-grained 
fraction  which  represents  only  5-10  percent  of  the  total  sample. 


Abrasive  wear  on  the  conveyor  bolt  appears  to  be  a  difficult  factor 


to  scale.  Experience  with  full  sifted  conveyor  systems  indicates  that 


majority  of  belt  wear  takes  place  upon  impact  of  the  material  as  it  is  being 
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I.Vcui  ;  foued  onto  Hi  bell.  Home  nddi  Lionel  wear  may  occur  a  my  where  Lhoro 
is  :  Lining  of  the  material  relative  to  the  belt.  In  either  cane,  the  amount  of 
wear  j  a  function  of  the  weight  oJ  matt  rial  involved  and  the  wcai  lug  quali¬ 
ties  of  the  bell.  It  appears  to  bo  unpractical  to  modify  the  wearing  qualities 
of:  the  boll,  to  account,  for  tin  reduction  in  tl>  weight  of  material  in  the  model 
system.  On  the  other  hand,  it  should  be  possible  to  assess  belt  wear  for 
various  lost  conditions  and  m  '.levin Is  on  a  relative  scale,  even  1  hough  the 
amount  of  wear  will  not  be  the  same  as  .in  the  full  sixt  d  system. 

The  particle  size  distribution  of  the  material  must,  also  be  appropri¬ 
ately  scaled  for  the  model  'system.  Particle  sine  distribution  can  bo  expected 
to  influence  such  factors  as  angle  of  surcharge,  loss  of  material  from  the 
belt  during  handling  and  the*  force  of  impact  when  the  material  is  transferred 
onto  the  belt.  To  be  strictly  correct,  the  entire  particle  size  distribution 
should  be  altered  in  accordance  with  the  reduction  in  belt  width,  and  any 
differences  in  the  transfer  operation  between  the  full  sized  conveyor  and  the 
model  conveyor  to  properly  account  for  loss  of  material  during  handling  and 
impact  force.  However,  this  would  also  alter  the  angle  of  surcharge  and 
the  amount  of  cohesion  present  in  the  sample.  Therefore,  as  a  first  approxi¬ 
mation,  it  is  planned  to  merely  eliminate  the  larger  sized  particles  while 
hooping  the  remainder  of  the  particle  size  distribution  unchanged.  The 
approach  to  bo  followed  will  bo  to  maintain  a  constant  ratio  of  maximum 
particle  size  to  bolt  width.  Lor  example,  if  the  maximum  particle  size  to  be 
earned  on  a  24-inch  belt  is  3  inches,  a  maximum  particle  size  of  1  inch 
would  be  used  on  an  8-inoh  bolt.  This  method  of  scaling  should  eliminate 
excessive  loss  of  material  from  the  belt  without  introducing  undesirable 
changes  in  the  fundamental  material  properties. 

LXPKP.LM  TNTA  l  \ )  1L1K-.M 

A  tentative  fractional  factorial  design  has  boon  developed  for  conduct¬ 
ing  the  experimental  investigation.  This  program  is  very  flexible  and  variables 
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can  he  added  or  deleted  ns  necessary  during  the  testing  program.  Regard- 
lees  of  the  number  of  .import  ml  vurl<  bi  ,  that  fun  •  I  dJ./  lorn  d  in  the 
Lording  program,  ibis  method  of  experimental  design  will  opthnixc  the  amouTit 
of  significant  data  obtained  from  a  given  number  of  experimental  runs.  'J  ho 


following  material 
S.  M.  Wo  cine]  YV. 


is  based  largely  on  t.ho  loo  lures  and  notes  oT  J’rofe 
\V.  Hunter  {'5)  at  Lira  Uni  vorshy  of  YVi.  cousin. 


sera 


Variable  s  Doing  Con  sic  mod 


The  following  list  of  variable.':  is  consider  d 
have  to  bo  added  or  deleted  as  testing  progresses, 
that  are  being  considered,  but  not  United  to,  arc: 


irjiitf.it jv  j  as  some  may 
Till:  equipment  variables 


y^  -  bolt  speed 
y  belt  inclination 


"3 


bb; 


«C 

°7 


change  in  inclination 

cross  section  configuration  of  conveyor  bed 


belt  material  (coefficient.  of  triclion) 
idler  spacing 
belt  tension 


f  longitudinal 
%  configuration 
Led  conveyor  .  o< 


The  material  variables  that  are  being  considered,  but  again  not  limited 
to,  arc: 

cjj  =  particle  sice  distribution 

~  paiticlo  shnji_ 

q,^  angle  of  intenvil  friction 

q  •  moisture  content 


The  total  muck  removal  into  (V)  is  a  function  of  the  equipment  and 
material  variables: 


ffej,  0Z.  <J3,  B„, 


A  general  procedure  of  setting 
designs  and  of  computing  flu  results 


up  the  facto: *  il  and  fraction  d-facioi ial 
will  be  shown.  The  do.-  ajption  and 


discussion  of  the;  method  will  bo  J.i mitod,  though  a  thorough  derivation  iy 
noocssmy  for  con.  O'  lo  understanding. 

'j’iio  folio  ing  design  pnii.  .•.dm  o  deals  with  dob  mining  which  variable.*;! 
arc  tho  i  oat.  uyniOeunl  among  U  /  equipment  void  able  a  by  running  2  nets 
of  i!  tests.  A  .similar  design  table  can  be  constructed  for  de-tor mining  the 
most  rsi  nlfJc-jnt  v;  riablo  or  variables  for  total  muck  remove  1  rote  (v)  by 
running  2.  seta  of  Hi  teals  will)  IJ  vari  ibies.  These  11  variables  will  be 
made  up  of  the  7  c  quipment  variables  and  4  material  variables. 


Ihocr  ;dui_o_ 

We  begin  by  choosing  a  high  and  low  value  lor  each  test  variable 
(since  wo  will  be  using  a  two-level  factorial  or  fractional  faclorial  design). 
Those  values  can  be  chosen  from  design  manuals,  manufacturing  manuals, 
or  from  experimental  models.  Careful  consideration  should  be  used  in  selec  ¬ 
tion  :bnee  oi  good  representation  of  high  and  low  values  will  reduce  the 
number  of  tests  to  be  run.  The  coding  equation  or  transforming  equation 
used  to  reduce  initial  values  to  coded  values  of  (-3)  for  low  level  and  (•!  1) 
for  high  level  is: 

y  level  of  vatiubl  o  mi  cl  value?  of  variable 
unit  of  change 


After  initial  values  have  been  assumed,  we  can  set  up  our  factorial 


or  fractional  facioiial  design  tables,  for  example,  let  us  assume  a  fractional 
7-4  7-4 

design  of  2  .  The  notation  2  toils  us  that  each  variable  is  studied  at 

two  levels,  seven  lost  variables  arc  being  studied,  four  "  now"  variables 

3 

have  been  added  to  an  original  2  factorial  design.  The  number  of.  tests  to 


-  IJ.  Note;  A  factorial  design  for  seven 


7-4 

be  run  in  this  design  is  2 

7 

variables  would  bo  2  3  20  tests  which  is  far  greater  than  the  H  tests  v/o 

will  use. 

The  ad  vantage  of  fractional  foctorj  <1  designs  over  factorial  designs 
is  that  the  same  number  of  tu.  is  (3)  can  be  im'  do  for  7  variables  as  can  be 
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made  lor  the  3  variable;-;  hi  the  Jn.ei.Oi  jy! 
not  pare  us  .in  the  factor  j l  design  end  i 


buskm.  The  data,  however,  la 
iv-..'l vea  i uloi octlo:.r  c«,  can  be; 


on 


by  Lho  design.  Therefore,  what  ov  c,<i.ins  in  the.  mini  her  of  rmo,  one  In-, or; 
in  confouncli  g  (or  inter.  ; t j  n  off 


DiisiGK  tabu:  or  kouip 
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bet  us  consider  the  consequences  of  interactions  being  ;>> a  sorb  While 
ostimati nj  the  average  effect  or  ini]  or l  nee  of  a  test  va.ie.bJo,  of  ir>  /  \<  .  I 
variable  5,  we  muM  also  include  the  interaction  effects  of  test  variables  1 
anu  2.  J‘  in  jmporioni  1o  know  e  uiolly  how  the  .  '  ago  erects  arc  oc-.i  ooiitlc  0 
with  interaction  elfec  is;  therefore,  wo  will  con.  tract  a  cl  *f i ni -  rch  iron 
from  which  the  confounding  pattern  for  the  design  will  he  d;  lenuinod.  The 
dcfiirincj  i  elution  then  is  the  key  which  tolls  us  winch  interaction*;  nro  con¬ 
founded  with  whfeii  average  <  fleet.  \  >  c  m  v.  down  th  gen-,  rotor.*  o'  a 
design  since  those  arc  the.  relations  iron  which  we.  gone*-, tier!  (or  cun.-dructed 
the  design.  A  generator  is  an  id  entity  column  er  all  (i  J)  valves.  An  c>  a  ipie 

O 

o!  a  generator  is:  1  /J  *  1  ']■  S.i  no*  Jf  i  *1>  l  *on  /o  '  \.  ■oh  yicl.  n 

identity  oolu  m  of  (i  .1)  vaiuas  for  coinnu  ,  1  c  use  dl  \  h  .  \u  ;  i  1. 


CJmV'.'rOKS 


j  J  2  3  *  I 

j  •  f, 

j  r-  )  3  '  6 
]  23  -_7 

Next,  11  jo  defining  relation  is  compoacu  of  Hie  genera Lory  ju‘.t  de¬ 
scribed  and  their  products. 

DUmilDG  1’1’J  ATIOi'3  1  •-  12.5  -  -  123/1 .  -  237  (generators) 

345  246  (products  of  2  generators 

at  a  tin  o) 

J.47  2356 

-  ,H57  JJ2  0  7 

J_4_50_  (ptoduct  of  3  generators  at  a  time) 

3467  ;<i37  =  507 

1234  567  (product  of  4  generators 
at  a  time) 


With  the  defining  relation,  we  can  readily  determine  which  quantities 
ore-’,  confounded  with  one  another.  To  determine  widen  interaction  effect n 
mo  confounded  with  which  average  effect  of  a  teat  variable,  multiply  Ihe 
clef  j  ninr<  relation  through  with  each  average  effect  to  determines  Die  confound¬ 
ing  relationship. 

Therefore,  multiply  the  defining  relation  by  1,  2,  3,  4,  5  <5  G,  respec¬ 


tively. 


3  m.  ms  16  27  45  2310  1 347-  256  157  12367  3  3450  -  467  23457  3507  123567 


234 

507 

.1  34 

507 

3  24 

667 

j  ?  3 

567 

3  2. 3 

467 

J  23467 

7  12347  1267-  1367  23  3457-2467  M  23567  -136  J  20  14567  3  iO  245  66.  .1  3.34 56 


I 

I 


I 

I 

I 

I 


.14 


Oivj  important  property  of  L! ki  c!o:.bjn  :Ji  the  cor,  fount  iir.:;  jn'.iu 
l.hut  no  ciVOSfKic  (*lfccl.  jr.  confounded  with  on/  olh  •.  Hoot.  A!:  o,  jl 

is  stonsiJ)’«  to  ndopi  «mk  ;i  wovlrin.;  iiypotiico.i':  that  thine  lector  *j i ’  ih.i 
order  jut® notions  ate  nc.oljcjb'o  ..ivl  eon  th'.cforo  Ho  u»g] jclecl.  However, 
one-  should  olwc.y.-.  a  ttrui.nl  10  ehcreh  thin  ausiiu.piiou  Ioko  on  in  ihe  inv.?Mi- 
(jciijoii.  There foi c,  \vu  will  only  coieii-lo-i  uvf  .*jr:  eel ..  two  fun  01 

j  I'llCTd  C.t  ions. 

Tnc  nw.t  stop  j.-:  to  cwleuJ  'lr  the  nvcosec  f - (f t  (.P  r..J r.g  c  qi  alien 


IT  3  /li/2 

j 


Jv. 


,  (O.)  (31  !u  n  O.  ir.  1;  rt  v,  •!  c  ’•  ii  .  ..j 

J  :r  3  3  3 

able }.  coJuinn  nnd  n  number  o'  tent.-.  1  (  3/4  }  (O  )  (J) 


i-’or  e:<a iiijjJo,  f/om  the  design  li.b-  : 

IrlUiilLL JL41M  jLfcli (•••Lt  (-l  3)nn)  i  (~})(y.)  UV)P!:U 


•»  (T3)J40)  -30-i  ?3  _•  _G  30  -  )  5  +  ?.*>_•!  4J1  J15 

”4  "  ‘  '  ‘4 


•!?.<.  2 '5 


This  jo  no'  trie  pure  uvui u'jjki  otTee.l  bocai 3c  of  coii.V/udii'!;  ,  t’  *u  fen 
3  2'.  '  3l>  -i-  /'/  I],  -t  23.  2 '.1. 

Once  llic-flc*  nvorugo  effects  novo  been  vr.  foul. bed  fei  «U  /  column  , 
the  lw.ull.i  can  no  interpreted  by  olnxwntio'!  to  u  where  1  o.sfsjnfe  tcJibior- 
shipr.  might  c.xir.t  between  If  .  1  v.n febJeu. 
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a. 

**  -a-  uifti 

Yt 

V" iif!  icinfdr.ln$  ftiul  ifoM  «:U*»«  It  l«>  cv^KhiIc  llu:  (IVjm  thul 

h-ir.  jufcl  I K’c*ti  c.o!!cc‘lc\l.  OiKsm  thu  rfisuU5!'^  d.ilci  will  allow  .*  two~v;:y  tu?!^ 
of  Iha  Inlurnctlon  «tf  fer;lr.  often  allowing  *eef  Intel  fire  tr.Uon  c»f 
lonjllr..  thcv:  •  ri  Suva  bovii  ovo  lur.tr  c!,  Snlthtioiftl  Ic’.’Us  ».• » ii  ba 

run  to  verily  list  lii'erprvtcitl<H)N  for  nccmrocy. 

OpUml  nation  vi  lo "!  1ik;  er/.j jilion::  c:r»*»l t’  In  found  by  .be  lf08po:«Ae 
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The  machine  was  under  .stress  control  and  the  sample  won  in  on  air-dried 
state,  l’igurc  4  is  a  plot  of  the  normal  stress  vs.  shear  stress,  and  the 
angle  of  internal  friction,  0,  was  53°. 

Some  difficulty  was  experienced  in  determining  trio  angle  of  repose. 
The  material  tended  to  dome  and  lat  hole  in  the  funnel.  In  spite  of  Dio  difij- 
culties,  the  angle  of  repose  was  found  to  b  :  45°. 

In  summary,  the  material  being  studied  had  the  following  physical 
characteristics  or  properties; 


Specific  gravity  2.  01  (run  on  minus  200  mesh) 
Hygroscopic  moisture  content  <  0.  5% 

Anglo  of  internal  friction,  0  S30 
Angle  of  repose,  45 
Bulk  density: 

maximum  -  140.  7  pounds  per  cubic  foot 
minimum  -  95.  7  pounds  per  cubic  foot 

Additional  tests  on  this  material  are  being  planned. 
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